Comparison between catalase-peroxidase and cytochrome c peroxidase. The role of the hydrogen-bond networks for protein stability and catalysis.
A detailed resonance Raman and electronic absorption investigation has been carried out on a series of novel distal and proximal variants of recombinant catalase-peroxidase from the cyanobacterium Synechocystis PCC 6803. In particular, variants of the distal triad Pro-Asp-Asn and the proximal triad His-Asp-Trp have been studied in their ferric and ferrous states at various pH. The data suggest marked differences in the structural role of the conserved residues and hydrogen-bond networks in KatG and CCP, which might be connected to the different catalytic activity. In particular, in KatG the proximal residues have a major role in the stability of the protein architecture because the disruption of the proximal Trp-Asp hydrogen bond by mutation weakens heme binding to the protein. On the distal side, replacing the hydrogen-acceptor carboxamide group of Asn153 by an aspartate carboxylate group or an aliphatic residue alters or disrupts the hydrogen bond with the distal His. As a consequence, the basicity of His123 is altered. The effect of mutation on Asp152 is noteworthy. Replacement of the Asp152 with Ser makes the architecture of the protein very similar to that of CCP. The Asp152 residue, which has been shown to be important in the hydrogen peroxide oxidation reaction, is expected to be hydrogen bonded to the nitrogen atom of Ile248 which is part of the KatG-specific insertion LL1, as in other KatGs. This insertion is at one edge of the heme, and connects the distal side with the proximal helices E and F, the latter carrying the proximal His ligand. We found that the distal Asp-Ile hydrogen bond is important for the stability of the heme architecture and its alteration changes markedly the proximal His-Asp hydrogen-bond interaction.